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Schlieren Imaging for
Supersonic Wind Tunnel
Tayler S. Powell and Caleb Townsend

Abstract
This project exemplifies Schlieren Imaging on a Supersonic Wind Tunnel. Schlieren Imaging
allows one to visualize fluid flow by refracting light through a fluid. The Schlieren Imaging
system denoted in this paper is used to visualize the shock waves of air onto a test section within
a supersonic wind tunnel. This is done by directing a beam of light through a test section and
then focusing the light onto a blade edge. This blade edge then breaks up the light beam so that
the refractions, created by the pressure differences, are blocked by the knife edge which allows
the pressure differences in the fluid to be visualized. The image provided by this system may be
used for an instructional lab or for general experimentation. The main design components in this
design project include the fixturing techniques for a set of parabolic mirrors and the correct
placement of components to achieve a Schlieren Image.
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1. Introduction
Schlieren Imaging is the art of projecting a beam of light to visualize fluid flow. A German
physicist, August Toepler, invented the process in 1864 to visualize and study supersonic
motion. The process requires a parallel beam, a viewing subject, a light source, and at least one
concave mirror. This imaging system visualizes flow fields and shock waves so that the viewer
can see them and understand how the observed fluid is acting. The Supersonic Wind Tunnel and
Schlieren Imaging System, in room 2, floor 1B of the Auburn Science and Engineering Center,
were last updated in the year of 1978. The imaging system was too old to produce a clear image,
so the group was tasked with updating it.

2. Design
2.1 Design Introduction
Upon assignment of this project, the light source, two concave mirrors, a camera and a fixture to
mount the camera were provided at the beginning of the project. The group was tasked with
designing the layout and fixturing of all these components onto the existing supersonic wind
tunnel in the Auburn Science and Engineering Center at the University of Akron to provide a
schlieren image. The functional basis of the design is to direct a parallel beam of light through
the test section of the wind tunnel. That light will then be directed into a focal point which will
be half blocked by a blade. That image past the blade will show the boundary lines of pressure
within the test section of the wind tunnel. This will allow an individual to calculate the Mach
number and observe the oblique shock waves and air vortices caused by the test section.
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2.2 Design Procedure
2.2.1 Design Layout

Figure (1) – Layout plan for the optics system.

The original layout of the system used a series of reflecting mirrors to fit all the components onto
the components table. This design, as shown in figure (1), opts to use only the parabolic mirrors
to save on design time and costs. Therefore, with the mirrors having a focal length of 17.5
inches, the table was extended by 6 inches to accommodate the proposed design. It is important
to note that the slit/pinhole and the knife blade are required to be at the focal point of the mirrors
while the parallel beam of light must be directed through the test section.
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For the setup shown in figure 1, the following equipment is required:
-

2x Concave parabolic mirrors (focal length 17.5in)
2x mirror fixtures to hold mirror upright
SugarCUBE LED Illuminator
Digital Camera and Mount
Knife Blade Fixture (Provided from previous design)

2.2.2 Fixturing Design

Parabolic Mirror

Nut and Bolt with
neoprene washer (3x)

Nut and Bolt

Figure (2) – Mirror Fixture
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The primary requirement of the mirror fixture (figure 2) is to hold the parabolic mirror upright
while allowing for rotation about the vertical axis. The mirror is held upright 3d printed frame
and three nuts and bolts. The nuts and bolts are accompanied by neoprene washers to separate
contact between the steel bolt and the glass of the mirror. Neoprene was chosen as it is ideal for
applications which require vibrational cushioning. The rotation about the vertical axis will allow
for correction of the direction of the parallel light beam or the placement of the focal point onto
the knife blade. The correct orientation may be found and then tightened into place with the nut
and bolt onto the table.

Figure (3) – Illumination Device
Figure 3 depicts the solution used to provide a point source of light. A piece of aluminum was
placed on the light source and a small hole was drilled through. This allowed for a small point
source of light to direct towards the mirror.
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2.3 Verification
The setup was verified by running the supersonic wind tunnel multiple times and obtaining
images of the test section during each run. Figure 4 illustrates the image obtained during the test
runs.

Figure (4)
This image depicts the test section and the wedge.

2.3.1 Potential Laboratory Experiment
The following is a potential experiment that students in Fluids 2 or Compressible Fluid Flow
could partake in. The steps are as follows:
1. Have the current person in charge of the wind tunnel fill the compressor tank.
2. Start releasing air over the test section.
3. Take a picture of the test section (using the Schlieren Imaging System) at a pressure close
to the starting pressure and another picture at approximately 100 psi.
4. Use the images and equation shown below to calculate the shock wave angle and Mach
number from the air vortexes.
The following equation is used to determine the Mach number.
(𝛾 + 1)𝑀
cot(𝑎) = tan(𝑠) [
− 1]
2(𝑀 𝑠𝑖𝑛 𝑠 − 1)
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Where:





a = the angle from the centerline to the edge of the wedge
s = angle between wedge and shock wave
γ = the specific heat ratio
M = the Mach number

2.4 Costs
The following are items with their monetary values:
-

Concave parabolic mirror
$424.50 *2 = $849
Mirror fixture
$ 7.01*2 = $14.02
SugarCUBE LED Illuminator $1300
= $1300
Digital Camera
$625
= $625
Knife Blade Fixture
$150
= $150
Wood
$25
= $25
Aluminum
$5
= $5
Salary
$35.35*40*2.5*2 = $7070
Total
$10038.02

2.5 Conclusions
Schlieren Imaging of a Supersonic Wind Tunnel allows for supersonic fluid flow to be studied,
more specifically, shock wave angle and air vortex visualization. This is done by reflecting a
beam of light over a test section with two concave mirrors and a blade edge. The blade edge
allows for the light to be fragmented and an image to be produced. This particular design, as seen
in figure 5, will allow future students to study Mach numbers, shock waves, shock wave angles,
and air vortexes in a controlled and safe environment.
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Figure (5)
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